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Constants & Data

Avogadro's constant
N4 =6.022 x 10% mol"

Universal gas constant
R = 8.314 J molf" Kf"

Molar volume of an ideal gas at STP (0 °C, 100 kPa)
Vi = 22.71 L molff"

Molar volume of an ideal gas at 25 °C, 100 kPa
Vi = 24.79 L molff"

lonic product of water
K, =1.0x10""mol?Lf?

Specific heat capacity of water
c=4.18 JgfI"Kf"

Faraday constant
F = 96 485 C molff’

Mole & Stoichiometry

Moles from mass

m
n=—
M
Moles from number of particles
N
n = —
Ny
Moles from volume (solutions)
n=cV
Gases
Ideal gas law
PV =nRT
Molar volume (gas volume)
V =nV,
Solutions & Concentration
Molar concentration
n
c= —
v
Dilution formula
c1V1 = 02V2
Parts per million (mass/mass)
m
ppm = solute % 106
Msolution

Energetics & Calorimetry

Heat transferred (calorimetry)

q = mcAT

Molar enthalpy of reaction
AH=-Z
n

Hess's Law

A-H’rxn - Z A-H’products - Z AIflreauctants

Equilibrium & Acids/Bases

Equilibrium constant expression

x,, — LDl
AJ“[BJ?
Reaction quotient
_ [¢]p)*
@ AEr

pH definition
pH = —log;[H"]
pOH and the water relationship
pH + pOH = 14
lonic product of water
K,=[H][OH ] =10x 10"
Acid dissociation constant

o A
‘ [HA]
pKa

pKa = — loglo Ka

Electrochemistry

Charge transferred in electrolysis
Q=1It

Moles of electrons (Faraday's law)
Ne =

Mass deposited in electrolysis

m=nM



Standard Electrode Potentials

Standard reduction potentials (electrochemical series)

Reduction half-equation E° (V)
Fy+2 =2F~ +2.87
Agt+e = Ag +0.80
Fe3t 4 e~ = Fe¥r +0.77
Cu?t +2¢~ = Cu +0.34
2H" +2e~ = H» 0.00
Pyt +2¢~ = Pb -013
Fe?t 4 2e~ = Fe -0.44
Zn*t +2e” = Zn -0.76
APt 4+ 3e” = Al -1.66
Mg*" +2e~ = Mg -2.37
Nat +e~ = Na -2.71
Lit+e = Li -3.04

Spectroscopy (Module 8)

Infrared absorption data

Bond Wavenumber (cmf") Intensity
O-H 3230-3550 strong, broad
N-H 3300-3500 medium

C-H 2850-3000 medium

0O-H (acid) 2500-3000 very broad
C=N 2220-2260 sharp

C=0 1680-1750 strong

c=C 1620-1680 medium

Cc-0 1000-1300 strong

"H NMR chemical shift data

Type of proton Chemical shift 6 (ppm)
R-CHs, R-CH>—R (alkyl) 0.9-1.8

C-H next to C=0 / aromatic 2.0-3.0

C-H next to O / halogen 3.3-45

Alkene C=C-H 4.5-6.5

Aromatic H 6.5-8.0

Aldehyde -CHO 9.0-10.0

Carboxylic acid -COOH 10.0-12.0

*C NMR chemical shift data

Type of carbon Chemical shift 6 (ppm)
Alkyl C (C-C) 5-40

C-N 40-60

c-0 50-90

C=C [ aromatic C 100-150

C=0 (ester/acid) 160-185

C=0 (aldehyde/ketone) 190-220

UV-visible spectroscopy
A =ecl
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Measurement

Area of a sector

A= %7'20
Arc length
=16
Surface area of a cone (lateral)
S = mrl
Surface area of a sphere
S = 4nr?
Volume of a cone
V = 37r’h
Volume of a sphere
V= %777“3
Volume of a pyramid
V =1Ah

Financial Mathematics

Future value of a compound interest investment
FV=PV(1+7r)"

Present value of a compound interest investment
PV=FV(1+r™

Future value of an annuity (regular contributions)

14r)—1
FV =C atmm-1
r
Present value of an annuity
1-(1+7r)™
PV =C #

Sequences and Series

Arithmetic sequence — nth

term

T,=a+(n—1)d

Arithmetic series — sum of n terms

n n
Sn=5la+l)=[2a+(n—1)d
Geometric sequence — nth term
T, =ar" !

Geometric series — sum of n terms

S, =

a(l—r") a(rm-1)

1—-r»  r—1

Infinite geometric series — limiting sum

a
S=—— <1
r

1—
Logarithmic, Exponential and Indices
Change of base formula
1 log, x
ogy T =
8o log, b

Logarithm product law

log,(zy) =log, « + log, y

Logarithm quotient law

log, (%) = log, z —log, y

Logarithm power law

log,(z") = nlog, =

Logarithm definition / inverse relationship

log,a* =z and a'%8® =
Index law — product
am an — CLern
Index law — quotient
ﬁ — amfn
an

Index law — power of a power

Derivative of a” (general exponential)

4
dz

(a®) =a"lna

Z



Trigonometry

Sine rule

a b ¢
sinA ~ sinB  sinC

Cosine rule
> =a® +b* — 2abcos C
Area of a triangle
A= %ab sin C'

Exact trigonometric ratios — 30°, 45°, 60°

sin30° = 1, c0os30° = X2, tan30° = L
3

Pythagorean identity
sin?0 4 cos?0 =1
Compound angle — sine
sin(A + B) = sin A cos B + cos Asin B
Compound angle — cosine
cos(A + B) = cos A cos B F sin Asin B
Compound angle — tangent

tan A + tan B
tan(A+ B) = —m8—
an( ) 1Ftan Atan B
Double angle — sine
sin2A4 = 2sin Acos A

Double angle — cosine (three forms)

cos2A = cos’ A —sin? A =2cos>A—1=1-2sin’ 4

Double angle — tangent

2tan A

tan24 = ————
1—tan? A

Products to sums (product formulae)

2sin Acos B = sin(A + B) + sin(A — B)

t-formulae (half-angle substitution ¢t = tan(6/2))

2t 1—¢2
sinf = ——, cosf=——, tanf=
1+t + t2

Calculus — Differentiation

Power rule

Product rule

Quotient rule

dz\v V2

Chain rule
dy dy du
de  du dz

Derivative of sin x

—(sinz) = cosz
dm( )

Derivative of cos x

—(cosz) = —sinz
dm( )

Derivative of tan x

d
— (tanz) = sec®

dx
Derivative of e”
L ()=
Derivative of In x
1
—m(lnx) =2 T> 0



Calculus — Standard Integrals

Power rule for integration

wn+1
/a: dm:n+1+C, n# -1

Integral of 1/
1
—dz=Inz|+C
T

Integral of ¢%*

1
/e‘””d:c = —e®+C

a
Integral of cos ax

/cos(am) dz = %sin(aw) +C

Integral of sin ax

1
/sin(ax) dz = ——cos(az) + C
a
Integral of sec’ ax
2 1
sec”(az) dz = —tan(az) + C
a
Integral giving arcsin (inverse sine)
1
—d
Va2 — 22
Integral giving arctan (inverse tangent)

1 1 i/
/—a2+$2 dxz;tan (E) +C

Integral of a” (general exponential)

a,l'
/azdm: +C

Ina

Log-integral (reverse chain rule for In)

@)
| it de=mlse)+

. _1( T
z = sin (—)—I—C, |z| < a
a

Probability and Statistics

Complement rule
P(A)=1-P(4)
Addition rule
P(AUB)=P(A)+P(B)— P(ANB)
Conditional probability

P(ANB)

PA|B) = =50

, P(B)>0

Mean (expected value) of a discrete random variable
p=EX)=> zP(X =)
Variance and standard deviation of a discrete random variable
Var(X) = B(X?) — [B(X)]*

Binomial distribution

Combinatorics (Ext1)

Permutations (ordered selections)

n!

np ="
(n—r)!

Combinations (unordered selections)

Binomial theorem
(a+b)" = i (n) a™"y"
=0 \T
Ext 1— Further Calculus and Functions (Ext 1)

Derivative of sin~! z

d ( .1 :v) 1
—(sinT" — ) = ——
dz a a2 _ 22
Derivative of cos !
d 4z 1
—<cos —) = —
dz a a2 _ 22
Derivative of tan !
d 4z a
Z (tan —) -2
dz a a? 4 2

Integration by substitution

/}@unywww:Fm@»+c



Ext 1— Vectors (2D) (Ext 1

Magnitude of a vector
o] = Va? 4
Dot product (scalar product)
u-v=2z122 + y1y2 = |u||v|cosf

Scalar projection of u onto v

) u-v
proj,u = ——

v
Ext 1— Projectile Motion (Ext1)

Horizontal displacement
r=Vcosa-t
Vertical displacement
y=Vsina-t— %th

Range on a horizontal plane

B V2sin 2

= T
Ext 2 — Complex Numbers (Ext 2)
Modulus-argument (polar) form

z=r(cosf + isinf) = rcisf
Multiplication of complex numbers in polar form
r1cisfy X rocisfy = rirocis(6y + 62)
De Moivre's theorem
(cos@ + isinf)" = cosnb + i sin nb
Euler's formula
e = cosf+isinf

Ext 2 — Further Integration (ext 2)

/udv:uv—/vdu

P(z) A B
(z—a)(z—b) x—a x-Db

Integration by parts

Partial fractions

t-substitution for integrals (¢t = tan(z/2))

) 2t 1—¢2
smxr —=

—, cosr=———, dr= dt
1+ ¢2 1+ ¢2 14 ¢2

Ext 2 — Vectors in 3D, Mechanics and SHM (Ext 2)

3D vector magnitude
o= VTR T2

3D dot product and angle

u-v=2z122 + y1y2 + 2122 = |u||v| cos b
Simple harmonic motion — equation

T=-n"z

SHM — displacement, velocity, acceleration solutions

z =acos(nt+a) or z=asin(nt+ a)
SHM — velocity in terms of displacement

v? = n?(a’® — z?)

Resisted motion — Newton's second law form

ma = Fnet
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Measurement

Area of a sector

0
—r?

~ 360

Arc length

0
l—%x%’r

Pythagoras' theorem
c2=a%+b?

Right-triangle trigonometry (SOH CAH TOA)

0
sinf = E,

hyp
Sine rule

a b ¢
sind sinB sinC

Cosine rule

c? =a%>+b%>— 2abcosC

Area of a triangle (two sides, included angle)
1.
A= 5ab sinC

Surface area of a sphere

SA = 4mr?
Volume of a sphere
4
V=—m
3
Volume of a cone
1
V = —nr?h
3

Volume of a prism / cylinder
V = Ah

Simpson's rule

A= (df+dl)

| >

Limits of accuracy
Absolute error = % X precision

Area of a trapezium

| >

A= —(a+Db)

Financial Mathematics

Simple interest
I =Prn

Compound interest — future value

FV=PV(1+r)"
Compound interest — present value

PV=FV(1+r™
Straight-line (flat-rate) depreciation

S=Vy—Dn
Declining-balance (reducing-value) depreciation
S=V@1-7)"

Future value of an annuity

1 "—1
:M&
T

FV

Present value of an annuity

PV:MM
T

Statistical Analysis

Mean (average)

Empirical rule (68-95-99.7 rule)
68%, 95%, 99.7%
Least-squares regression line
J=a-+bx
Pearson's correlation coefficient
-1<r<1
Outlier (IQR rule)

z<Q@Q;—15IQRorz > Q3+ 1.5IQR



Algebra & Linear/Non-linear Relationships

Gradient of a line

Y2 — U1
m="—=
T2 — 1

Gradient-intercept form of a line
y=mz+b
Point-gradient form / general linear equation
y—y1=m(z —z1)
Exponential model
y=a-b"

Networks

Euler's formula for connected planar graphs
V-E+F=2

Minimum spanning tree (Prim's / Kruskal's)
Total weight = Z (weights of selected edges)
Shortest path (Dijkstra's algorithm concept)
d(v) = min(d(u) + w(u,v))
Critical path analysis — float time

Float = LST — EST
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Constants & Data

Speed of light in vacuum
c=3.00 x 108 msff"

Charge on an electron
e=1.602x10"C

Mass of an electron
me = 9.109 x 10 ! kg

Mass of a proton
m, = 1.673 x 107" kg

Mass of a neutron
m, = 1.675 x 10~ kg

Planck's constant
h=6.626 x 1073 Js

Universal gravitational constant
G =6.67 x 10~ Nm?kgf?

Acceleration due to gravity at Earth's surface
g=9.8msf?

Permeability of free space
po = 4m x 107" Hml" (N Aj?

Permittivity of free space
g0 = 8.854 x 10 Fmfl" (C*NJ"m}?)

Mass of Earth
Mg = 6.0 x 10** kg

Radius of Earth
Rp =6.371 x 105 m

Speed of sound in air
Vsound = 340 m sf’

Wien's displacement constant
b=2.898 x 103> mK

Kinematics

First kinematic equation (velocity-time)
v=1u-++at
Second kinematic equation (displacement-time)
s =ut+ %at2

Third kinematic equation (velocity-displacement)

v? = u? + 2as

Displacement (average velocity form)

(ut)
ot

Dynamics & Forces

Newton's second law
Fiet = ma
Linear momentum
P =muv
Impulse-momentum theorem
J=FAt=Ap

Work done by a constant force

W = Fscosf
Power
P= % = Fv
Kinetic energy
Ep = tma®

Gravitational potential energy
E, = mgh

Circular & Projectile Motion

Centripetal acceleration

_ v? _ 4’y
Qe = T - T2
Centripetal force
mu? A’ mr
FC = =
r T2

Projectile horizontal component
T = vyt =vgcosh -t
Projectile vertical component

y:vosinﬁ-t—%gt2



Gravitation & Orbits

Newton's law of universal gravitation

Gm1m2
F, = —
r

Gravitational potential energy (general)

U—_ Gm1m2
T
Orbital velocity
e
r
Kepler's third law
P GM
T2 472
Waves & Sound
Wave speed
v=fA
Doppler effect
f/ —f Uy + Vo
Vy — Vg
Period-frequency relationship
1
T =—_
f
Electricity & Magnetism
Charge and current
q=1It
Work on a charge
W =qV

Coulomb's law

k
F, = q1492 q192

r2  dmegr?
Electric field strength
F k
p bk
q T

Voltage and resistance (Ohm's law)
V=IR
Electrical power

V2
P=VI=I’R=—
1% R=—4

Force on a current-carrying conductor
F = Bllsin6
Force on a moving charge in a magnetic field

F = quBsin@

Electromagnetism & Induction

Magnetic flux

® = BAcos@

Faraday's law (induced EMF)

P AP
RN
Transformer equation
Vo _ Ny
V. N,
Light & Quantum Physics
Photon energy
hc
E = h = —
f A

Photoelectric effect (Einstein's equation)
EX™ = hf —W = hf — hfo

de Broglie wavelength

h h
)\ = —_-— = —
D muv
Wien's displacement law
b
)\max -
Special relativity — time dilation
t
t=—" =t
2
c2

Special relativity — length contraction

I 2
L:—0:L01/1_v—
Y c?

Nuclear Physics & the Standard Model

Mass—-energy equivalence

E = mc?

Radioactive decay / half-life
t/t
N(t) — Ng(%) /1/2

Photon momentum

Relativistic energy-momentum relation

E* = (pe)” + (moc?)?



Formulas reproduced for study from the NESA Physics reference sheet. Explanations & layout © Intuition Education. NESA is the authoritative source — see nsw.gov.au.



